f

LA-UR -85-2311

L9s Aames Nau

MASTEP

OONF-REON 3o~ -4

onal Laboralofy 1S operatec by the Universily ¢! Caitormia for the Unilec States Depariment of Energy under coniract W.7405-ENG.36

TITLE THE MULTIMATERIAL ARBITRARY LAGRANGIAN EULERIAN CODE MMALE AND ITS
APPLICATION TO SOME PROBLEMS OF PENETRATION AND IMPACT

LA-UR--85-2311

AUTHORE)  G(abriel) Luttwak

SUEMITTED TO

ﬂ @

R(onald) L(ee) Rabie DE85 015686

The Fourth APS Topical Conference on Shock Waves in Condensed Matter

DISCLAIMER

This report was prepured ua an nccount of work sponsored by an agency of the United Statea
Government. Neither the United States Government nor uny agency thereof, nor any of their
cmployces, makes nny warranty, express or implied, or nssumes any legal linbility or responsi-
bility for the nccuracy, completeness, or usefulness of any information, apparatus, product, or
proceas dinclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein 1o any specific commercinl product, process, or service by trade name, trademark,
munulucturer, or otherwise does not neceasarily constitute or imply ite endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
uwnd opinions of authors expresssd hercin do not necessarily state or reflect thoae of the
t Inited States Government or any agency thereo!,

e el e g e Bt e L e rel i gl neneag s e feyats Mtee hoesse Y pubiig! anreprotaee
ot gt a8 AcA O ey LGt e i U0 eaeenmien] i rosey,
At Alonrglory tp gort bt e o e aeteetdy U et e as wive pe bt eaed the agnpa ol the U S Do parbinent ol o neegy

) N ‘ -\ )(, N Los Aliamos National Laboratory
\ )) // W ](( ] l()k Alamos New Mexico 87545

W
)
OITRIBUTION OF THIS ANCHIMENT (S UNLIMITED


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


THE MULTIMATERIAL ARBITRARY LAGRANGIAN EULERIAN CODE MMALE AND ITS

APPLICATION TO SOME PROBLEMS OF PENETRATION AND IMTACT

G. Luttwak* and R. Rable
Los Alaros National Laboratory

M-9, MS p952
Los Alamos, New Mexico 87545

INTRODUCTION

In Lagrangian codes the Lagrangian mesh moves with the material
velocity resulting in no need for the calculation of advection terms. Mate-
rial boundaries remain on grid lines and the grid spans only the part of the
space which 13 covered by the materials. These features make l.agrangian
codes computationally much more efficlent especially for multi-material cal-
culations, towever, as the grid Jdistorts, both the accuracy and the effi-
clency of a Lagranglan calculation quickly deteriorates. Discrete or con-
tiruous rezoning is used to limit the grid distortion and keep the material
boundaries smooth relative to typical cell dimensions. At materlal Inter-
faces the tangential component of the material velocity may be dlscontinu-
ous, Thus the grid may not remaln continuous and a slide line treatment 1is
needed to correctly handle the problem. Further, if differcent boundaries o1
different pacts of a boundary, come into contact during the calculation, a
sliding-impacting boundary calculation has to be performed to take into
account the i{nteraction of two separate grid regions. Apart from the codlinyp
complications which may soon become overwhelming, these techniques fail as
soon as the material boundaries and interfaccs become strongly distorted.

Fulerian codes, on the other hand, have coordinates that remain fixed
in space. Thus Eulerian codes are henst sulted to dealing with problems pro-
ducing large materlal deformations, However, In Eulerian coordinates one
needs to compute the material advection through the mesh. Apart from the
computational effort required, stability considerations require that these
advection terms add at least some numerical diffusion and this may lead to
severe smearing of th- physical gradients present in the calculations. An-
other disadvantage o. an Lulerian calculation i{s tlie need to cover, with the
computativnal grid, any part of the space which may be reached by the mate-
rial durlnpg the calculation, Together with the fact that in an lulerlan
cell meveral materials may be present at “he same time, this causes Eulerian
codes to rerquire much move computer memory to solve a glven problem thau
Lagranglan codes, especially, if durlng a calculation, a thin layer of mate-
rial ahould travel a dlistance many timea its thickness. The maln limitation
of Tulerian codes, howiver, arises from the diftficulty of adequately track-
fup, the boundaries and Interfacea. As a result of the nbove difticultien,
succesnful numerical simulations of problems which involve larpge materlial
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deformations and impact of several materfals may require a proper combina-
tion of Lagrangian and Eulerian techniques,

One method is to begin the calculation in a Lagranglan code and when
the grid becomes sufficiently distorted to change, by a discrete rezoning,
to an Eulerian code [1]. 1Ir the Coupled Eulerian Lagrangian technique
(C.E.L.)[1,2,3]) a special in*erface routine enablea the interaction of
Eulerian and Lagrangian reg.ons. Apart from the complicated interface
treatment, this method would fail if the Lagranglan regions should undergo
large material deformations. An attractive alternative would be the use of
convected coordinates [4,6].

In the original Arbitrary Lagrangain Eulerian (ALE) method [6,7,8] the
grid motion could be arbitrarily specified but the material lnterfaces and
boundaries had to be kept on grid lines. In the Eulerian limit the code
would work only for one material application and this technique was thus
equivalent to the continuous rezoning of a Lagrangian calculation. We shall
call this an almost Lagrangian calculation. 1In a previous effort [4,5] we
were able to remove some of the above restrictions. In the code LGTD free
surfaces could cut the grid in an arbitrary way. We called this an almost
Fulerian calculation. The method was applied to the numerical simulation of
high apeed jet penetration of layered targets. In those calculations the
jet was simulated In an almost Eulerian grid, and the target was modeled in
an almost Lagranglan way. Even a par-iculated jet [5] could be easily taken
frnto account. However, the calculation failed as soon as the layers In the
target ware perforated by the jet,

In the present investigation we present a new, multimaterial, arbit.ary
lLagrangian-Eulerian code MMALE. 1t i{s a generalization of the code SALE (7]
and It works {n convected coordinates, As with Yaqul, [6,8] SALE [7] or
LGT) {4,5] wa may prescribe the grid motion in any arbitrary way. However,
in MMALE hoth the free surfaces and the material interfaces can cut the grid
lines. Thus, if we keep the grid flxed in apace, we get an Eulerian
multimaterial code, which will work in general coordinates, as a speclal
case. lHowever, even in the limit of a Cartes{an-Eulerian grid, the code, as
wa shall describe it In chapter 2, has some endearing features.

By looking at the value of the relatlve partial volumes of different
materials {n neighboring cells we maintain a unique picture of the boundary
lines cutting through the cell, thus reducing any interdiffusion of material
properties. Each mater'a! in a mlxed cell retains 1ts veloclty compouent so
that sllding &t interfaces should be correctly treated. When a glven mate-
rial flows out of a cell, we dynamically reallocate the released memory
space, 80 that we essentially do not have to limit the number of materials
Interacting In a gliven region.

In contrast to pure Fulerlian codes, we also tak: advantape of the
frecdom of prescribing the grid motion. Thus we may pass, in a continuous
grid, from an almost Fulerian to an almost lLagrangfan calculation while also
reducing the ~uvectlon term [5].

In the curvent work we apply the code MMALE to numerically aimulate the
penetration of a lidgh apeed copper jet Into a metal-exploalve-metnl
sandwich, The numerical afmulation of the reactive flow f{ndvced in the ex-
plosive uses the Forest Flre model [9,10]. Hoth normal and 45"
fmpact were consfdered.

oblique

THEORY

Fac® time step La compoaed of a Lapranglan phase followed by nn
advectlon phase. SALE'a Lagraunplan atep was (ssentlally left uncnauged
except for the addition of elastic-plastic flow, the I'vrest IFire molel



[9,10] for reactive flow and a multimaterial treatment. Thus, as in SALE,

the Lagrangian step includes an implicit phase for low speed or almost in-

compressible flows. However, in the current applicaticn to high speed jet

impact and penetration only the explicit phase was used. The treatment of

elastic plastic flow uses the method of Wilkins [11] and our implementation
is as in LGTD and LG1D [12,13].

The lLagrangian Phase

In MMALE, different materials may share a given cell or a given vertex
control volume. Thus, let M, o, V, e, p, and S be cell mass, density,
volume, specific Internal energy, pressure and deviatoric stresa defined
over a cell, and let m ,E,ﬁ be the --ertex mass acceleration and velocity.

We sha:l denote, with Yndex k the respective partfal values for a material k
in a cell or at a vertex. For each material we retain w(k) = V(k)/V which
1s the relative partial volume occupied by k in a celi and we compute uv(k)
which is the relative partial volume occupled by k in the vertex control
volume,

We assume that for a given pressure gradient, each material k has ac-
celeration proportional to the inverse of its density subject to the limita-
tion of a commen normal interface velocity and acceleration. The latter
condition should prevent interpenetration of materials and allow for the
correct sliding at an interface. The vertex total velocity i{s, according to
mcmentum conservation, a mass welghted average of the specific velocities,
The velocitles determine the new ceil volume. The relative partial volumes
w(k) may change during the Lagrangian phase to equilibrate, on a physical
time scale, the partial pressures in a cell,

We alsc allow for void opening under tension and vold closure. Voids
are taken into account as w = [w(k) <V, and we assume that under tension, {f
a fallure criterion wan met, any further volume increase will increase the
vold volume, thus decreasing w. The energy ::,'ation is then applied to eac
material k separately. The materlal model then yields, for each k, a new
value of the partial pressure P(k) and atress S(k). The cell total preassure
and stress deviator will be volume welghted averages of the partial values.
Thus, P = lw(k)P(k) and S = ;w(k)5(k) and these will he used to compute the
ne. vertex accelerations.

The Advection Phase

Aa in IGTD (4,5] we assume that the part of the boundary cutting a
given cell Is a atraight line normal to Vw(k). However, here we may have
more than cne materlal In a cell, and we proceed in the order of decreasin,
wik). Thus glven w(k) and Vw(k) over a given polygon, we specify a unljue
stralght llte cutting that polygon. Thur the polygon iot covered Ly the ma-
terial ¥ I8 now defined, and from the -alue of w(k) and vw(k) for the next
material k, the next boundary line cutting the cell is determined. “ee
tig. 1. Ve advance, In timne, tre pclygon covered by the material k, with
the partinl material velocities, u(k). The overlap of this polygon with the
acw grid determines the outflow flux volumes to the nelghboring cells. wWith
the condition thal no Increase {n loca” yradients is due to the a:dvection
terma, wve :determine the flux volume centered denaitias by a volume wei,l te:l
IHHnear Interpolation. Thus, we work with second order advection whereve:
thia la pernlitied by stability.

As {n SATF [7] the velocitiea are firnt averaged tou call centers tno

compute the a:dlvection terma. We choae to Jiatribute the momentum flux te. a
riven cell amonyg 1ts verticesa, according to the fraction of the cell partial
voluwe Vix), which llea inside the momentum contrel volune of a 2iven

vertex.



Fifgure 1. A typlcal computational cell shcwing the relative partial
volumes of two materials and their gradients.

Results and Conclusions

First, we consider thc impact nf a copper rod, 30 mm long and 4 mm in
diameter moviag at & mm/us, upon a 3x6x(’ mm, steel- Composition B- steel
sandwich. For the case of normal impact, we run the code in an axlsymmetric
mode. We chose a carteaslan FEulerian grid near the jet axlis with a cell size
of 0.5 mm, As we moved away from the axis we Increaaed the size of the
radial diviaions passing gradually to an almost Lagranglan grid. 1In Flg. 2
we see th~ {sobars and the material interfaces at times of 5 and 7.5 us
respectively. We see the bulldup to detonation, followed by the
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I'{fpure 2. Normal Impact. Times are 5 and 7.5 ps. DPeak pressu-es (Il
In the fipure) are 17 aud 12 Pn respectively. Low pressure reglon, (I In
the fignre) are casentlally zero presrure with 10% changes per 1so- line,

ra:l1fally outwar) propagation of the detonation front along the exploaive
with attached ohllque shock waves poncrated in the steel layers. An
fnterestinyg phenomenon occurred In the calculation near 7.5 us, As a
retonation wave swopt tLack townrd the axia, resulting in the complete
burning of the partially reacted exploaive remalning there. We notice that
the preasure Induced in the firs. metal layer, caused a signlticant Jdecrenne
in the Jd{ameter of the hole createa by the penetrating Yet,



For the case of 45° oblique impact, we considerd a "sheet" jet and we
ran the calculation in a plane symmetric moda. In this case the original
grid was not orthogonal as the grid lines were parallel respectively to the
jet and to the interfaces in the target. 1In Fig. 3 one can see the pressure
field at times of 2 and 6 us. 1In this case the lower part of

Figure 3. Oblique (45°) impact. Times are 2 and 6 us. Peak pressures
(H in the figure) are 30 GPa. Low pressure reglone (L in the Flgure) are
essentially 0, Note the jet erosion at 6 us caused by projection of steel
into the jet's path.

the firat steel layer was projected, by the detonation wave, toward the
fncoming jet. At first this caused a perturbation to grow in the jet.
Later, the upper part of the second steel layer was also prnjected toward
the Jet axis. Thus, the penetration capability of any subsequent jet
segment will be greatly reduced. The examples show the versatllity of the
current method. Obviously the advantage of our approach over a pure
Eulerifan or Lagranglan calculation depends on the specific application and
on the appropriate choice of the grid motion.
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